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WHAT IS CLAIMED IS : 

1 1 . A method for obtaining a cell-specific binding molecule useful for / 

2 increasing uptake or specificity of a genetic vaccine to a target cell, the method comprising: 

3 creating a library of recombinant polynucleotides that by recomoining a 

4 nucleic acid that encodes a polypeptide that comprises a nucleic acid binding dorarain and a 

5 nucleic acid that encodes a polypeptide that comprises a cell-specific binding domain; and 
^6 screening the library to identify a recombinant polynucleotide that 
l^^^ena^des a binding molecule that can bind to a nucleic acid and to a cel^pecific receptor. 

1 / 2. A method for obtaining a cell-specific binding moiety useful for 

2 /increasing uptake or specificity of a genetic vaccine to a target/cell, the method comprising: 

3 / (1) recombining at least first and second forms of a nucleic acid which 
4/ comprises a polynucleotide that encodes a nucleic acid bmding domain and at least first and 

5 second forms of a nucleic acid which comprises a cell-specific ligand that specifically binds 

6 to a protein on the surface of a cell of interest, wherein the first and second forms differ from 

7 each other in two or more nucleotides, to produce a library of recombinant binding moiety- 

8 encoding nucleic acids; / 

9 (2) transfecting into a population of host cells a library of vectors, each 

10 of which comprises: a) a binding site'specific for the nucleic acid binding domain and 2) a 

1 1 member of the library of recombinant binding moiety-encoding nucleic acids, wherein the 

12 recombinant binding moiety is'expressed and binds to the binding site to form a vector- 

1 3 binding moiety complex; ^ 

14 (3)/lysing the host cells under conditions that do not disrupt binding of 

1 5 the vector-binding moiety complex; 

16 / (4) contacting the vector-binding moiety complex with a target cell of 

17 interest; and / 

18 / (5) identifying target cells that contain a vector and isolating the 

19 optimized^recombinant cell-specific binding moiety nucleic acids from these target cells. 

1 / 3. The method of claim 2, wherein the method further comprises: 

/ i 
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2 (6) recombining at least one optimized recombinant binding moiety/ 

3 encoding nucleic acid with a further form of the polynucleotide that encodes a nucleic/acid 

4 binding domain and/or a further form of the polynucleotide that encodes a cell-specific 

5 ligand, which are the same or different from the first and second forms, to produf2?e a further 

6 library of recombinant binding moiety-encoding nucleic acids; / 

7 (7) transfecting into a population of host cells a libraiVof vectors that 

8 comprise: a) a binding site specific for the nucleic acid binding domaiiymid 2) the 

9 recombinant binding moiety-encoding nucleic acids, wherein the recombinant binding 

10 moiety is expressed and binds to the binding site to form a vector/binding moiety complex; 
11^—-^ (8) lysing the host cells under conditions^tnat do not disrupt binding of 

ll2 trie vector-binding moiety complex; / 

3 / (9) contacting the vector-binding mmety complex with a target cell of 

14 /interest and identifying target cells that contain the vector; and 

15 / (10) isolating the optimized Recombinant binding moiety nucleic acids 

16 / from the target cells which contain the vector; and 

17/ (1 1) repeating (6) throtfgh (10), as necessary, to obtain a further 

1 8 optimized cell-specific binding moiety useful for increasing uptake or specificity of a genetic 

19 vaccine vector to a target cell. / 

1 4. The method of claim 2 5/ wherein the method further comprises 

2 identifying cell-specific binding moieties that result in the highest efficiency in transfecting 

3 the target cells. / 

1 5. /The method of claim 2,^wherein the nucleic acid binding domain is a 

2 DNA binding domain derived from a protein selected from the group consisting of a 

3 transcriptionafregulator, a polypeptide involved in DNA replication or recombination, a 

4 repressory^histone, a protamine, an E. coli CAP protein, myc, a protein having a leucine 

5 zippeiya protein having a DNA binding basic domain, a protein having a POU domain, a 

6 protein having a zinc finger, and a protein having a CyssHis box. 
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6. The method of claim 2, wherein the nucleic acid bindimpd<fmain is an 
RNA binding domain derived from a protein selected from the groug^dnsisting of HIV tat 
and HIV rev, 

7. The method of claim2<^herein the target cell of interest is selected 
from the group consisting of mu§t>3^cells, monocytes, dendritic cells, B cells, Langerhans 
cells, keratinocytes, and>Pcells. 

8. The method of claim 7, wherein the cell of interest is a professional 
aptigen presenting cell. 

9. The method of claim 8, wherein the antigen presenting cell is a dendritic 
cell, a monocyte/macrophage, a B cell, or a Langerhans cell. 

10. The method of claim 8, wherein the cell-specific ligs^id_compiises-ar — ' 
polypeptide selectedjro^ CD40 ligand, 
fibrinogenJCAM'l, Fc portion of immunoglobulin G, and a bacterial enterotoxin, or a 
subunit thereof. 



1 1 . The method of claim 2,* wherein the target cell of interest is a human 



cell. 



12. The method of claim 2,, wherein the target cells that contakrfhe vector 
are identified by selecting for expression of a selectable marker coptained in the vector. 



1 3 . The method of claim 2> wherejiirtiie optimized recombinant binding 
encoding nucleic acid comprises agefietic vaccine vector. 



14. A cell-sppeffic recombinant binding moiety produced by. expressing in a 
host cell an optimized rpe^mbinant binding moiety-encoding nucleic acid obtained by the 
method of claim 
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1 15. A genetic vaccine that comprises a cell-specific recombinant binding 

2 moiety of claim 14/ 



1 16. A genetic vaccine that comprises an optimized recombinant 1 

2 moiety-encoding nucleic acid obtained by the method of claim 2j 
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17. A genetic vaccine that comprises: 

a) an optimized recombinant binding moiety thayfcomprises a nucleic 
acid binding domain and a cell-specific ligand, and 

b) a polynucleotide sequence that comprise/ a binding site, wherein the 
nucleic acid binding domain is capable of specifically binding to the binding site. 




1 1 8. A method/for obtaining an optimized ^cell-specific binding moiety useful 

2 for increasing uptake, efficacy, or specificity of a genetjc vaccine for a target cell, the 

3 method comprising: 

4 (1) rec^mbining at least first afod second forms of a nucleic acid that 

5 comprises a polynucleotide which encodes a nontoxic receptor binding moiety of an 

6 ^terotoxin, wherein the first and second forms differ from each other in two or more 
ucleotides, to produce a/library of recombinant nucleic acids; 

(2) ftransfecting vectors that contain the library of nucleic acids into a 
population of host cells J wherein the rmcleic acids are expressed to form recombinant cell- 
specific binding moietyfpolypeptkfes; 

(3) Jcontacfmg the recombinant cell-specific binding moiety 
polypeptides with a eel surface receptor of a target cell; and 

(4) determining which recombinant cell-specific binding moiety 
polypeptides exhibit efihanced ability to bind to the target cell. 



1 



lp. The method of claim 18, wherein the cell surface receptor is present on 



2 the surface of^a target cell. 



20. The method of claim 18, wherein the cell surface receptor is Gmi- 
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21. The method of claim 18, wherein the host cell is a V. cholerae cell 



1 21 . The method ot claim 1 8^>v 

2 which is incapable of expressing CT-A. 



1 22. A method for enhancing uptake of a genetic vaccine vector by a target 

2 cell, the method comprising coating the genetic vaccine vector with an optimized 

3 recombinant cell-specific binding moiety produced by the method of claim 18^ 

1 23. The method of claim 18^wherein the recombinant cell-specific binding 

2 moieties are expressed as a fusion protein on the surface of a replicable genetic package. 



4 re 

k7. 



24. A method of obtaining a genetic vaccine component that confers upon a 
vector an enhanced ability to entenan antigen-presenting cell, the method comprising: 
creating a library of recombinant nucleic acids by subjecting to 
4 recombination at least two forms of a polynucleotide; 

contacting/a library of vectors, each of which comprises a member of 
'6 ° the library of recombinant nuc/eic acids, with a population of antigen-presenting or antigen- 

7 processing cells; and 

8 determin/ng the percentage of cells in the population that contain the 

9 vector. 

1 25 . The method of claim 24^ wherein the anji^en-presenting or antigen- 

2 processing cells are selected from the group consisting of B cells, monocytes/macrophages, 

3 dendritic cells, Langerhans cells, keratinpeyfe^, and'muscle cells. 



1 26. The method of 

2 obtained from a B cell line 



;laim^25, wherein the cells are B cells which are 
/ 



1 27. The metjjod of claim^24^ wherein the screening is conducted in vivo and 

2 the cells are monkey cellar mouse cefls. 



1 



28. /The methpd of claim 24^wherein the method further comprises: 



64 



2 culturing the cells for a predetermined time after contacting theycells 

3 with the library of vectors; / 

4 washing the cells after the contacting step to remove vectors that did not 

5 enter an antigen-presenting cell; and / 

6 isolating the vectors from the cells that contain a vector. 

1 29. The method of claim 24 v wherein the cells that contain a vector are 

2 identified by: / 

3 transfecting individual library members or nools of library members 

4 into separate cultures of antigen-presenting cells; / 

5 co-culturing the cultures of antigen-presenting cells with T lymphocytes 

6 obtained from the same individual as the antigen-presenting cells; and 

7 identifying cultures in which a T Wmphocyte response is induced. 

1 30. The method of claim 29, wherein the T lymphocyte response is selected 

2 from the group consisting of increased T Xyn^^cjic proliferation, increased T lymphocyte- 

3 mediated cytolytic activity against a target cell, and increased cytokine production. 

1 31. The method of <Hain^4/wherein the vector is a replicable genetic 

2 package and the recombinant nucleic acidyV^xpressed as a fusion protein which is 

3 displayed on the surface of the rep lie ^ble genetic package. 

1 32. The method^f claim 31, wtferein the replicable genetic package is a 

2 bacteriophage. ^ 

1 33. A method of obtaining a genetic vaccine component that confers upon a 

2 vector an enhanced ability to enter cell or tissue when administered to a mammal by a 

3 desired administrationprotocol, the method comprising: 

4 creating a library of recombinant nucleic acids by subjecting to 

5 recombination at least two forms of a polynucleotide; 

6 I administering to a mammal a library of vectors, each of which 

7 comprises a member of the library of recombinant nucleic acids, into a mammal; 
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8 obtaining target cells or tissues from the mammal; 

9 identifying target cells or tissues that contain a Wctor, and 
10 recovering vectors from the identified target ceils or tissues. 

1 34. The method of claim 33, wherein the targe/ cells are lymphatic cells. 

1 35. The method of claim 33, wherein the aaministering is by oral ingestion, 

2 inhalation, injection, or topical application to/skin or mucous membrane. 

1 36. The method of claim 33, wherein the vector is a replicable genetic 

O 1 / 

:^ 2 package and the recombinant nucleic acids are expressed as a fusion protein which is 

'if 3 displayed on the surface of the replicable genetic; package. 

1 37. A method for evpkfm£ji vaccine delivery vehicle to obtain an optimized 

^ 2 delivery vehicle having enhance^bility Renter a selected mammalian tissue upon 

O 3 administration to a mammal, the ihethod/fcomprising: 

ilj / 1 if 

1^7 4 (1) reci^binlng^n^niBers^f a pool of polynucleotides to produce a 

•:f 5 library of recombinant polyAucleoM^s; 

kQ 6 (2) administering to a t^f animal a library of replicable genetic 

7 packages, each of which comprises a mercfber of the library of recombinant polynucleotides 

8 operably linked to a polynucleotide that encodes a display polypeptide, wherein the 

9 recombinant polynucleotide andtfie display polypeptide are expressed as a fusion protein 

10 which is which is displayed-on the surface of the replicable genetic package; and 

1 1 (3/) recovering replicable genetic packages that are present in the 

12 selected tissue of the4est animal at a suitable time after administration, wherein recovered 

13 replicable geneti<rpackages have enhanced ability to enter the selected mammalian tissue 

14 upon administration to the mammal. 

1 / 38. The method of claim 37^wherein the method further comprises: 

2 / (4) recombining a nucleic acid that comprises at least one recombinant 

3 polynucleotide obtained from a replicable genetic package recovered from the selected tissue 
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4 with a further pool of polynucleotides to produce a further library of recombinant 

5 polynucleotides; / 

6 (5) administering to a test animal a library of replicable genetic 

7 packages, each of which comprises a member of the further libraryyof recombinant 

8 polynucleotides operably linked to a polynucleotide that encodes^ display polypeptide, 

9 wherein the recombinant polynucleotide and the display polypeptide are expressed as a 

10 fusion protein which is which is displayed on the surface ofthe replicable genetic package; 

11 (6) recovering replicable genetic packages that are present in the 

12 selected tissue of the test animal at a suitable time after administration; and 

13 (7) repeating (4) through (6), 2s necessary, to obtain a further optimized 

14 recombinant delivery vehicle that exhibits further enhanced ability to enter a selected 

1 5 mammalian tissue upon administratiop-te^a mammal. 

1 39. The method off clairr^ 7, wherein the replicable genetic package is a 

2 bacteriophage. 1 //s^^ / 

1 40. The methoc^oOclaim 3 ^wherein the bacteriophage is M 1 3 . 

1 41 . The method of claim 40, wherein the polynucleotide which encodes a 

2 display polypeptide is sele^te^ group consisting of gene III and gene VIII. 

1 42. The method of claim 37, wherein the selected mammalian tissue is the 

2 bloodstream and the administration is by inhalation. 

1 43. The method of claim 3 7, /Wherein the administration is intravenous and 
/ 

2 the selected mammalian tissue is selected from the group consisting of lymph node and 

3 spleen. / , 

1 / 44. A method for evolving a vaccine delivery vehicle to obtain an optimized 

2 delivery vehicle having enhanced specificity for antigen-presenting cells, the method 

3 comprising: 
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4 (1) recombining members of a pool of polynucleotides to produce a 

5 library of recombinant polynucleotides; / 

6 (2) producing a library of replicable genetic packages, each/of which 

7 comprises a member of the library of recombinant polynucleotides operably linked to a 

8 polynucleotide that encodes a display polypeptide, wherein the recombinant polynucleotide 

9 and the display polypeptide are expressed as a fusion protein which is Which is displayed on 

10 the surface of the replicable genetic package; / 

1 1 (3) contacting the library of recombinant replicable genetic packages 

12 with a non-APC to remove replicable genetic packages that display non-APC-specific fusion 

13 polypeptides; and / 

14 (4) contacting the recombinant replicable genetic packages that did not 

15 bind to the non-APC with an APC and recovering tlWse that bind to the APC, wherein the 

16 recovered replicable genetic packages are capable/of specifically binding to APCs. 

1 45. The method of claim 44^wherein the method further comprises the steps 

2 of: ^ — ^ / 

3 (5) recombining ^nucleic acid which comprises at least one 

4 recombinant polynucleotide pbtainedOTorrT^vreplicable genetic package that is capable of 

5 specifically binding to APCsWtMa further pool of polynucleotides to produce a further 

6 library of recombinant polynuc^Qtides; / 

7 (6) producing a|urther library of recombinant replicable genetic 

8 packages, each of which ccmipri^es a member of the library of recombinant polynucleotides 

9 operably linked to a polynucleotide that encodes a display polypeptide, wherein the 

10 recombinant polynucleotide and the display polypeptide are expressed as a fusion protein 

1 1 which is which is displayed on the surface of the replicable genetic package; 

12 / (7) contacting the further library of recombinant replicable genetic 

13 packages with /non-APC to remove those that display non-APC-specific fusion 

14 polypeptides/and 

15 / (8) contacting the recombinant replicable genetic packages which did 

16 not bind to the non-APC with an APC and recovering replicable genetic packages which 

17 bind to /he APC, wherein the recovered replicable genetic packages are capable of 

1 8 specifically binding to APCs; and 
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19 (9) repeating (5) through (8), as necessary, to obtain a further optimized 

20 recombinant delivery vehicle which exhibits further enhanced specificity for antigen- 

21 presenting cells. 
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46. A method for evolving a vaccine delivery vehicle tc^obtain an optimized 
delivery vehicle having enhanced ability to enter a target cell, the method comprising: 

(1) recombining at least first and second forms of a nucleic acid which 
encodes an invasin polypeptide, wherein the first and second forms differ from each other in 
two or more nucleotides, to produce a library of recombinant invasin nucleic acids; 

(2) producing a library of recombinant bacteriophage, each of which 
displays on the bacteriophage surface a fusion polypeptide encoded by a chimeric gene that 
comprises a recombinant invasin nucleic acid operably linked to a polynucleotide that 
encodes a display polypeptide; / }/ 

(3) contacting thl library of recombinant bacteriophage with a 
population of target cells; / 

(4) removing unbound pl)^ge and phage which is bound to the surface 




of the target cells; and \ 
(5) recove: 
the recovered phage are enric^ 
cells. 



phage which are present within the target cells, wherein 
foi>phage that have enhanced ability to enter the target 



method of claim 46^wherein the method further comprises: 
^(6) recombining a nucleic acid which comprises at least one 
recombinant invasin nucleic acid obtained from a bacteriophage which is recovered from a 
target cell with/a further pool of polynucleotides to produce a further library of recombinant 
invasin polynucleotides; 

(7) producing a further library of recombinant bacteriophage, each of 
which displays on the bacteriophage surface a fusion polypeptide encoded by a chimeric 
gene mat comprises a recombinant invasin nucleic acid operably linked to a polynucleotide 
that/encodes a display polypeptide; 

(8) contacting the library of recombinant bacteriophage with a 
population of target cells; 
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12 (9) removing unbound phage and phage which is bound to thp surface 

13 of the target cells; and / 

14 (10) recovering phage which are present within the target cells; and 

15 (11) repeating (6) through (10), as necessary, to obtain a further 

16 optimized recombinant delivery vehicle which exhibits further have enhanced ability to enter 

17 the target cells. / 

1 48. The method of claim 47^wherein the method further comprises: 

2 (12) inserting into the optimized recombinant delivery vehicle a 

3 polynucleotide which encodes an antigen of interestywherein the antigen of interest is 

4 expressed as a fusion polypeptide which comprises a second display polypeptide; 

5 (13) administeringihe dej|iyery vehicle to a test animal; and 

6 (14) determining tohetffer the deli very vehicle is capable of inducing a 

7 CTL response in the test animal. \ \7 / 

1 49. The method oj^claim 47, wherein the method further comprises: 

2 (12) inserting into the optimized recombinant delivery vehicle a 

3 polynucleotide which encodes an antigen of interest, wherein the antigen of interest is 

4 expressed as a fusion polypeptide which comprises a second display polypeptide; 

5 (139 administering the delivery vehicle to a test animal; and 

6 (14) determining whether the delivery vehicle is capable of inducing 

7 neutralizing antibodies against a pathogen which comprises the antigen of interest. 

1 / 50. The method of claim 46, wherein the target cell is an APC. 

/ / 




